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Abstract In this study, the hard ticks, whole blood and
serum samples collected from small ruminants (sheep and
goat) in middle Black Sea region of Turkey where Crimean–
Congo hemorrhagic fever (CCHF) human cases were ob-
served in the past years were surveyed for the presence of
RNA and specific IgG antibodies from CCFH virus
(CCHFV). CCHFV RNAwas found in 30 of 255 tick pools
(11.76%) and nine of 105 (8.57%) leucocyte samples. No
CCHFV genomic RNA was detected from animals in
Yildizeli and Vezirkopru. However, CCHFV RNA was
found from animals in Gerze and Resadiye. Seventy-eight
of 105 goat and sheep blood serum samples tested were
antibody-positive for CCHFV by enzyme-linked immuno-
sorbent assay (ELISA) (goat: 42/63; sheep: 36/42). Viral
RNA was detected from tick samples in all of four provin-
ces. Positivity rates for the provinces varied and were as
follows: Gerze 13.04%, Resadiye 35.41%, Vezirkopru
1.61% and Yildizeli 6.06%. CCHFV genomic RNA was
detected in four of seven tick species tested. These results
suggest that these hard ticks may act as a reservoir for
CCHFV in northern Turkey.
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Introduction

Crimean–Congo hemorrhagic fever virus (CCHFV) belongs
to the Nairovirus genus in the Bunyaviridae family. It is
transmitted to humans either by bites of Ixodid ticks (mostly
of the Hyalomma genus) or by contact with blood or tissues
from CCHF patients or viremic livestock (Ergunay et al.
2010). The life cycle of the virus in nature includes trans-
ovarial and transstadial transmission among ticks and a
tick–vertebrate host cycle involving wild and domestic
animals. Smaller wildlife species such as hares and
hedgehogs, as well as ground-feeding birds, act as hosts
for the immature stages of the tick vectors, while adult
ticks prefer large mammals such as livestock and wild
boar. Although CCHFV causes a severe disease in
humans, there is no evidence of disease in its natural
hosts. However, seroepidemiological surveys in endemic
areas revealed high prevalence of anti-CCHFV antibod-
ies in domestic animals, particularly in cattle, goat and
sheep. Like all other vector-borne diseases, the presence
and persistence of zoonotic foci of infection depend on
biological and ecological relationships between three
very different kinds of organisms: virus, ticks, and ver-
tebrates (Randolph and Rogers 2007).
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The disease was first recognized in the Crimean region of
Russia in the 1940s and is now reported in many regions of
the world: Africa, Europe and Asia (Ergunay et al. 2010).
Turkey, a country with a population of 72 million, is located
in southeastern Europe. Since the disease was first recog-
nized in 2002, cases have been reported here almost every
year. There have been outbreaks, mostly among family
members, and nosocomial transmission has also been
reported (Gunes et al. 2009). The most endemic CCHF
regions in Turkey are two neighboring districts in the
northern part of the country, Kelkit Valley and middle
Black Sea region (40°19′N, 36°43′E).

Since 2002, a total of 6,545 human cases have been
documented in Turkey, 320 of them being fatal. Most of
these patients had a history of a tick bite or handling live-
stock (Gunes et al. 2009; Kubar et al. 2011; MOH 2012).
The aim of the present study was to estimate the prevalence
of CCHFV among ticks and animals in the endemic
regions of Turkey, as they are the main organisms
involved in the virus life cycle, and also this study
was carried out to investigate the seroprevalence of
anti-CCHFV antibody in small ruminants of four provinces
of Turkey which had the highest number of human clinical
cases of CCHF in the last 8 years.

Materials and methods

Tick processing, whole blood and serum samples

A total of 564 ticks were collected between March and July
of 2009 from 42 sheep (123 pools, 235 ticks in total) and 63
goat (132 pools, 329 ticks in total) grazing in middle Black
Sea region and Kelkit Valley. The ticks were collected
directly from the animals. After identification using standard
keys, ticks were stored at −80°C until testing for the pres-
ence of viral RNA. They were pooled according to size and
pools ranged from one to 20 ticks. They were placed in 2 ml
PBS diluent with MagNA Lyser Green Beads (Roche,
Mannheim, Germany). Pools were homogenized at
3,000×g for 3 min by MagNa Lyser (Roche, Mannheim,
Germany). Homogenates were centrifuged in Eppendorf
tubes at 12,000×g for 3 min to remove the suspended solids,
without removing the beads. The supernatants were stored at
−80°C until further analysis. A total of 105 whole blood and
serum samples were collected from same animals.

RNA extraction, nested RT-PCR assays and enzyme-linked
immunosorbent assay (ELISA)

Viral RNAwas extracted from 350 μl of tick pool supernatant
by using the MagNA Pure LC RNA Isolation Kit III (Roche,
Mannheim, Germany) and stored at −80°C. All samples were

tested by nested reverse transcriptase-polymerase chain
reaction (RT-PCR) using two sets of primers. F2-R3 and
F3-R2 primers were described previously (Albayrak et
al. 2010a). These primers allowed the amplification of
two regions of the nucleocapsid (N) protein gene
encoded by the S segment of the CCHFV genome. Second-
round PCR products were analysed on agarose gel (1.5%)
electrophoresis at 80 V for 30 min (Albayrak et al. 2010a).

All serum samples were tested for the presence of specific
IgG antibodies against CCHFV by commercial ELISA kit
(Vectorbest, Novosibirsk, Russia) with minor modification.
The commercial rabbit anti-goat and rabbit anti-sheep
immunoglobulin G peroxidase (Antibodies-online GmbH,
Aachen, Germany) were used as a conjugate.

Results

Tick species and distribution

A total of 564 adult ticks were collected from sheep (123
pools, 235 ticks in total) and goat (132 pools, 329 ticks in
total) in the middle Black Sea region and Kelkit valley of
Turkey (Yildizeli, Gerze, Resadiye, V.kopru) where
Crimean–Congo hemorrhagic fever (CCHF) human cases
were observed in the past years. The numbers and distribution
of tick species according to the collection points on farms are
documented in Tables 1, 2, and 3. Seven tick species were
identified and the most abundant were Rhipicephalus bursa
45.03% (254/564), Hyalomma marginatum marginatum
25.88% (146/564), Dermacentor marginatus 13.12%
(74/564) and Rhipicephalus turanicus 7.26% (41/564).
Hyalomma detritum represented 5.14% (29/564) of the
total number of ticks. Haemaphysalis punctata and
Rhipicephalus annulatus were less common and repre-
sented 3.01% (17/564) and 0.53% (3/564) of the tick
population, respectively. R. bursa was found in all
provinces in the surveyed region. H. punctata was
found in only Yildizeli province, while R. annulatus
and R. turanicus were found in only Gerze province.
D. marginatus was encountered in three localities
(Gerze, Resadiye and Yildizeli). H. marginatum marginatum
was found in all provinces in the region, except for
Gerze province, which lies in the coastal area of the
surveyed region.H. detritiumwas found in only two localities
(Yildizeli and Resadiye).

CCHFV nucleic acid and antibody detection

A total of 255 tick pools (564 adult ticks) and 105 whole
blood were tested by nested RT-PCR for CCHFV. The
presence of CCHFV was confirmed by nested RT-PCR in
30 of 255 (11.76%) tick pools and nine of 105 (8.57) whole
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blood. Positivity rates ranged from 0% to 50% and from
1.61% to 35.41% among tick species and provinces, respec-
tively (Tables 1, 2, and 3). No CCHFV genomic RNA was
detected from animals in Yildizeli and Vezirkopru.
However, CCHFV RNA was found in animals from Gerze
and Resadiye. CCHFV RNA was detected in both leuco-
cytes and ticks which were collected from two sheep in
Gerze province. Four ticks (two R. bursa, two R. turanicus)
were collected from CCHFV RNA positive sheep. All of
them are unfed adult ticks. Each tick was homogenized
separetely. Although CCHFV RNA was detected from both
R. bursa tick homogenates, no genomic RNA was detected
from R. turanicus tick specimens. One of the positive R.
bursa ticks was male. Seven ticks (two D. marginatus, three
R. turanicus, one R. bursa, one R. annulatus) were collected
from other CCHFV RNA positive sheep. Each species ho-
mogenized separetely. Only R. bursa homogenate was
found as a positive. The tick species (R. bursa and R.
turanicus) collected from four CCHFV RNA positive sheep
were found as negative. In additon, no CCHFV RNA was
detected in tick samples collected from CCHFV RNA pos-
itive animals in Resadiye province. On the other hand, 17
tick homogenates (R. bursa, H. marginatum marginatum, H.
detritum) collected from ten CCHFV RNA negative animals
were found as CCHFV RNA positive. In additon, six tick
homogenates (R. bursa, H. marginatum marginatum, H.
detritum) from Yildizeli, three tick homogenates (R. turani-
cus) from Gerze and one tick homogenate (H. marginatum
marginatum) from Vezirkopru collected from CCHFV RNA
negative animals were found as CCHFV RNA positive
(Tables 1, 2, and 3).

Serological examination of serum samples for anti-
CCHFV infection revealed that CCHF IgG antibody was
present in 42 of 63 (66.66%) and 36 of 42 (85.71%)
goat and sheep, respectively (Tables 1, 2, and 3). The
provincial distribution of chosen serum samples in this
study was as follows: Yildizeli 82.05%, Gerze 100%,
V.kopru 96% and Resadiye 26.92%. No anti-CCHFV
antibodies were detected in CCHFV positive animals
in Resadiye. In contrast, anti-CCHFV antibodies were
found in all of the CCHFV positive animals in Gerze.
Although all of the animals collected CCHFV RNA
positive ticks were found to be anti-CCHFV antibodies
positive in Yildizeli, Gerze and Vezirkopru provinces,
some of the animals collected CCHFV RNA positive
ticks were found to be anti-CCHFV antibodies negative
in Resadiye.

Discussion

Crimean–Congo hemorrhagic fever infection is reported in
many countries in Africa, Europe and Asia (Maclachlan and
Dubovi 2011). The periodic changes in the population of the
tick vectors make for notable differences in the rates of
infected animals. The distribution and abundance of poten-
tial vectors, which are influenced by climatic conditions, in
particular rainfall, in turn determine the distribution of
CCHFV (Maclachlan and Dubovi 2011).

The prevalence of antibodies in small ruminants varied
among our study sites from intense to sparse, suggesting that
CCHFV seroprevalence was either spatially focal or

Table 1 Results of Crimean–Congo Haemorrhagic fever virus nested PCR and serosurvey-1

Province Total number
of animals

Positivity (%) (whole
blood-RNA)

Positivity (%)
(serum samples-IgG)

Total number
of ticks tested

No. tick pools Positivity (%)

Sheep Goat Total

Yıldızeli 22 17 39 0 (–) 32 (82.05) 185 99 6 (6.06)

Gerze 15 – 15 6 (40) 15 (100) 81 46 6(13.04)

V.Kopru – 25 25 0 (–) 24 (96) 226 62 1 (1.61)

Reşadiye 5 21 26 3 (11.53) 7 (26.92) 72 48 17 (35.41)

Total 42 63 105 9 (8.57) 78 (74.28) 564 255 30 (11.76)

Table 2 Results of Crimean–Congo Haemorrhagic fever virus nested RT-PCR and serosurvey-2

Animals Total number
of ticks tested

No. tick pools Positivity (%) Total number
of animals

Positivity (%)
(whole blood-RNA)

Positivity (%)
(Serum samples-IgG)

Goat 329 132 21 (15.90) 63 3 (4.76) 42 (66.66)

Sheep 235 123 9 (7.31) 42 6 (14.28) 36 (85.71)

Total 564 255 30 (11.76) 105 9 (8.57) 78 (74.28)
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temporally sporadic. Seroprevalence of CCHFV in small
ruminants were most intense in the Gerze, Yildizeli and
Vezirkopru provinces. The antibodies found in small
ruminants of all ages in many regions suggest the en-
demic transmission throughout four mentioned provin-
ces. The lowest prevalence (26.92%) of antibodies in
our sample of small ruminants from Resadiye province
where the highest number of human cases was reported
during last period, probably because periodic or focal-
ized transmission of virus at a very low level in small
ruminants is impossible to detect with this method. The
results of the present study indicate that perhaps cattle
or other wild animals are the main reservoir and source
of transmission of CCHFV to human and more impor-
tant than small ruminants in this province. In this study,
no anti-CCHFV antibodies were detected in CCHFV
positive animals in Resadiye. In contrast, anti-CCHFV
antibodies were found in all of the CCHFV positive
animals in Gerze. This may suggest that some of these
animals have exposured to virus for the first time.

The serosurvey studies for CCHFV infection in the
region was very limited, but the transmission dynamics
and the basic epidemiological measures such as the
attack rate should be described (Gunes et al. 2009;
Ozkaya et al. 2010; Hekimoglu et al. 2012). The first
serosurvey on the presence of CCHFV in Turkey from
domestic animals was reported by the Turkish Ministry
of Agricultural and Rural Affairs. According to this
report, the presence of antibody against CCHFV in
79% of cattle in the some part of the region. In this
study, prevalence of anti-CCHFV antibody in small
ruminants (74.28%) diagnosed is different from that in
previous study. It is commonplace knowledge that the
result of the seroprevalence studies are influenced by
many factors such as the number of sampled animals,
the age of the animals, the time of sampling, the conditions of
care and feeding, individual differences and so on. In this
respect, when the result of these two studies were evaluated
extensively, similar findings were found on the existence/
prevalence of infection in this area.

Various ecological factors affect the distribution and
abundance of tick vectors, which play a key role in
CCHF epidemiology. Although CCHFV has been isolat-
ed from at least 30 species of ticks, Hyalomma spp.
ticks are considered as the main vector of the virus.
Actually, the occurrence of CCHF coincides with the
global distribution of Hyalomma spp. ticks (Albayrak et
al. 2010a; Ergunay et al. 2010; Gargili et al. 2010;
Hekimoglu et al. 2012). However, the high prevalence
of H. m. marginatum was surprising, because it is not
considered a common tick on domestic ruminants in the
middle Black Sea region of Turkey (Albayrak et al.
2010a, b; Hekimoglu et al. 2012). Despite serologicalT
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evidence of infection, the virus was not recognized in
Turkey until 2002 and an increasing number of human
cases were reported between 2002 and 2011 as reported
by the Turkish Ministry of Health.

The first research on the presence of CCHFV from
domestic animals in Turkey was carried out by Tonbak
et al. (2006), who found that 47% and 46% of ticks
collected from sheep and cattle were R. bursa and H.
marginatum marginatum, respectively, and four tick
pools (three R. bursa and one H. marginatum margin-
atum) were CCHFV RNA positive (Tonbak et al. 2006).
In the same region, CCHFV RNA was found in seven
of 11 tick species by Albayrak et al. (2010a). They also
found that positive reactions to CCHFV were present in
29 of 421 tick pools (6.88%).

In this study, prevalence of CCHFV RNA in tick pools
diagnosed (11.76%) is different from that in previous studies
(Tonbak et al. 2006; Albayrak et al. 2010a). This difference
may be influenced by several factors. In this study, the
prevalence of study CCHFV RNA has been investigated
only in four provinces where CCHF human cases were
observed in the past years in the Black Sea region.
However, previous studies were carried out on a broad
geographical area. The CCHFV RNAwas detected in unfed
adult ticks species (R. bursa, R. turanicus, H. marginatum
marginatum, H. detritum) collected from CCHFV RNA
positive and negative animals. Even though Hyalomma
spp. is the main vector for CCHFV, R. turanicus, R. bursa,
and H. detritum may play a role in CCHFV maintenance
and transmission.

Further studies of the CCHFV prevalence in small rumi-
nants as well as cattle and detection of tick vectors in other
provinces and climatic areas can show the role of small
ruminants, cattle, and tick vectors in transmission of
CCHFV to human in Turkey. The results could be helpful
to public health authorities in assessing the risk for the
disease in humans.
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